Gait biomechanics after combined HTO/ACL reconstruction versus HTO alone: A matched cohort study  by Marriott, K.A. et al.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A110Variance (ANOVA) with time (pre, post) and speed (preferred, faster
than preferred) as main effects was used to test for signiﬁcance with a¼
0.05. If signiﬁcant interaction effects were found post hoc paired stu-
dent’s T-tests were used to test the null hypothesis that the change in
primary outcome is not different from zero for each speed. Effect size
for the difference was calculated using the Cohen’s d statistic.Table: 1. Baseline patient characteristics.
Characteristics Mean and SD
Age (yrs) 62.2 (6.2)
BMI (kg/m2) 26.5 (3.4)
KOOS pain 62.7 (23.1)
KOOS symptoms 56.6 (26.7)Results: In response to the 20MWS there was a small but signiﬁcant
change in knee pain (mean change 0.43 ± 0.56; p¼0.05). Signiﬁcant
speed by time interaction effects were found for walking speed, time in
stance on more affected leg, and 1st max vertical GRF. Post-hoc testing
found that at the faster than preferred walking speed there was a sig-
niﬁcant decrease in walking speed, an increase in stance time and a
decrease in the 1st max GRF in response to the 20MWS (Table 2). No
signiﬁcant differences were found at the preferred walking speed in
response to the 20MWS. Moderate effect sizes (d>0.5) were also found
for the change in 1st and 2nd peak knee adduction moments at the
faster than preferred speed and themax knee external rotationmoment
at both the preferred and faster than preferred speeds (Table 2).
Conclusions: In agreement with the hypothesis, in response to a
20MWS there was an increase in perceived pain along with a decrease
in ambulatory function and a trend for changes in joint kinetics. The
changes in ambulatory function were found only at the faster than
preferred speed. These changes would be expected to decrease the force
magnitude and loading rate acting across the knee and are consistent
with a pain withdrawal response. The reduction in the external rotation
moment at the knee would contribute to reduced torsional load and
may protect from further increases in joint pain. However, there was a
trend for an increase in the 1st and 2nd peak knee adduction moments
suggesting a greater proportion of the joint load is acting across the
painful medial compartment. This is unexpected based on classic pain
withdrawal responses but may occur as a consequence of mild fatigue
and/or pain- related inhibition of the knee extensor muscles. Further
understanding of the motor system adaptations to exercise-induced
disease activity is needed to optimize symptom management and
exercise prescription in OA patients.Table 2. Gait outcomes (mean and SE) at the preferred (N) and faster than preferred (F) walking.
Variable Pre 20MWS Post 20MWS p-value Effect size (cohen’s d)
Preferred Faster Preferred Faster
Walking Speed (m/s) 1.28 (0.09) 1.65 (0.11) 1.33 (0.08) 1.55 (0.11) N p¼ 0.26F p¼ 0.01 N 0.20F 0.32
Stance Time (% stride) 0.65 (0.03) 0.56 (0.02) 0.64 (0.01) 0.58 (0.02) N p¼ 0.35F p< 0.01 N 0.21F 0.46
1st max. vertical GRF (%BW) 117.0 (3.8) 134.2 (3.1) 117.2 (8.0) 129.2 (5.3) N p¼ 0.90F p< 0.01 N 0.02F 0.35
2nd max vertical GRF (%BW) 109.7 (2.5) 109.6 (3.8) 110.2 (2.9) 110.5 (4.0) N p¼ 0.66F p¼ 0.13 N 0.08F 0.09
Max. knee ﬂex. moment(%BW * HT) 3.3 (0.48) 4.4 (0.42) 3.3 (0.3) 4.2 (0.5) N p¼ 0.92F p¼ 0.60 N 0.02F 0.20
1st max. knee add. moment (%BW * HT) 2.06 (0.38) 2.19 (0.33) 2.40 (0.42) 2.64 (0.47) N p¼ 0.26F p¼ 0.19 N 0.32F 0.50
2nd max knee add. moment(%BW * HT) 1.23 (0.27) 1.05 (0.21) 1.41 (0.40) 1.42 (0.40) N p¼ 0.46F p¼ 0.20 N 0.26F 0.66
Max ext. rotation moment (%BW * HT) 0.25 (0.07) 0.32 (0.09) 0.15 (0.04) 0.18 (0.05) N p¼ 0.24F p¼ 0.16 N 0.50F 0.55
Max. int. rotation moment (%BW * HT) 0.60 (0.13) 0.69 (0.18) 0.68 (0.12) 0.69 (0.14) N p¼ 0.43F p¼ 0.97 N 0.25F 0.01150
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Purpose: Simultaneous anterior cruciate ligament (ACL) reconstruction
and high tibial osteotomy (HTO) is a combined surgical procedure
intended to improve kinematics and kinetics in the unstable knee with
varus malalignment and medial compartment knee OA. The primaryobjective of this study was to compare three-dimensional (3D) gait
biomechanics bilaterally between two groups of patients with con-
comitant ACL-deﬁciency, varus malalignment and medial compartment
knee OA. One group received simultaneous medial opening-wedge HTO
and ACL reconstruction (ACLR) while the second group received HTO
alone (ACLD). Secondary objectives were to compare radiographic
alignment (mechanical axis angle, MAA) and Knee Osteoarthritis Out-
come Scores (KOOS) before and after surgery.
Methods: Each group consisted of thirty-two patients with medial
compartment knee OA and ACL deﬁciency, matched for age (42 ± 8
years [ACLR] and 43 ± 9 years [ACLD]) and varus malalignment (MAA ¼̶
6.8 ± 2.4 [ACLR] and̶ 8.1 ± 2.9 [ACLD]). Patients completed 3D gait
analysis, full-limb standing anteroposterior radiographs and KOOS
preoperatively and 2 years postoperatively.
Results: Analysis of variance indicated a signiﬁcant time (pre, post 24
months) by limb (surgical, non-surgical) interaction for the peak knee
adduction moment and varus angle; however, there were no between-
group (ACLR, ACLD) differences. For both groups, there was a decrease
in the peak knee adduction moment [‒1.65%BWHt (‒1.86, ‒1.44)] and
varus angle [‒8.59 (‒9.72, ‒7.45)] in the surgical limb from pre-
operative to 2 years postoperative. There were also no between-group
differences for either the peak knee ﬂexion moment or angle. For both
groups, there was a decrease in the peak knee ﬂexion moment from
preoperative to 2 years postoperative for both the surgical [ACLR: ‒
0.32%BWHt (‒0.81, 0.17) and ACLD: ‒0.55%BWHt (‒0.92, ‒0.18)] and
non-surgical [ACLR: ‒0.52%BWHt (‒0.94, ‒0.09) and ACLD: ‒0.70%
BWHt (‒1.10, ‒0.29)] limbs. Although there was no change in the peak
knee ﬂexion angle in the surgical limb, there was a decrease in the non-
surgical limb from preoperative to 2 years postoperative [ACLR: ‒2.19
(‒3.79, ‒0.58) and ACLD: ‒3.39 (‒5.76, ‒1.02)]. There was also an
increase in the peak knee extension moment from preoperative to 2
years postoperative for both the surgical [ACLR: 0.21%BWHt (‒0.21,
0.64) and ACLD: 0.74%BWHt (0.28, 1.20)] and non-surgical [ACLR:
0.53%BWHt (0.06, 0.99) and ACLD: 0.74%BWHt (0.33, 1.16)] limbs.
Although there was no change in the peak knee extension angle in the
surgical limb from preoperative to 2 years postoperative, there was an
increase in the non-surgical limb [ACLR: 1.75 (0.21, 3.30) and ACLD:
3.44 (1.19, 5.69)]. There was a signiﬁcant time by limb interaction for
the peak knee internal rotation moment; however, there were no
between-group differences. There was a decrease in the peak internal
rotation moment in the surgical limb from preoperative to 2 years
postoperative [ACLR: ‒0.59%BWHt (‒0.71, ‒0.47) and ACLD: ‒0.47%
BWHt (‒0.36, ‒0.59)], although there was no change in the peak
internal rotation angle. The MAA in the surgical limb was altered by
[8.65 (7.36, 9.94)] and [9.43 (8.33, 10.5)] for the ACLR and ACLD
groups, respectively. There was no change in alignment of the non-surgical limb for either group. Therewere similar improvements in each
of the KOOS domains from preoperative to 2 years postoperative for
both groups.
Conclusions: Overall, our results indicate that individuals with varus
malalignment and ACL deﬁciency who undergo medial opening-wedge
HTO experience similar long-term changes in knee moments during
walking in all three orthogonal planes with our without concomitant
ACL reconstruction.
